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Interpretation of the influence of hydrogeological characteristics on rainwater
inflow into Sumgol, Jeju Island, South Korea
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ABSTRACT

Sumgol in Jeju Island plays a significant role in groundwater recharge due to its permeable hydrogeological characteristics.
However, a quantitative assessment of the interrelationship between rainfall characteristics and rainwater inflows into Sumgols
has not yet been conducted. Therefore, this study examined the characteristics of rainwater inflow into three Sumgols located in
the eastern and western regions of Jeju Island and assessed hydrogeologic factors influencing these inflows. During two rainfall
events, the studied locations in Sumgol exhibited different characteristics of rainwater inflows, despite experiencing similar
rainfall events. Additionally, the delay time for rainwater to reach the Sumgol locations after the rainfall was influenced more
by rainfall intensity than by cumulative amount of rainfall. In Sumgols located in non-volcanic ash soil with low hydraulic
conductivity, such as those in agricultural areas, rainwater inflows were observed even with small rainfall and low rainfall
intensity. This study suggests that rainfall intensity, soil characteristics, permeability of lava flows, and land use are key factors
influencing rainwater inflow into Sumgols, revealing that soil characteristics and the permeability of lava flows have a greater
impact on surface runoff than land use.
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Fig. 1. The location of studied Sumgols, rainfall stations, and soil type map (Jeju Special Self-Governing Province, 2020) on Jeju Island.
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Table 1. Basic information of Sumgols in this study
] Dimension )
Site Elevation (m) Land use Soil type Raquall
(m) station
Longest extent Short extent Depth
. . Very dark brown Gosan
Josu-ri Sumgol 70 6 5 Agricultural area volcanic ash ASOS
Geumak-ri . Dark brown Saebyeol Oreum
Sumgol 337 126 2 Ranching area non-volcanic ash AWS
Songdang-ri Forest . Songdang
Sumgol 191 75 47 arca Black volcanic ash AWS
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Fig. 2. The aerial photographs of the studied Sumgols (a: Josu-ri Sumgol, b: Geumak-ri Sumgol, ¢: Songdang-ri Sumgol).
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O
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zozm 5Y 3A-5AZMA BAT AN W 1R $9Y $ITE @A AP SBEY HAE 59
2442 SASTkFig. 3a). TAF ASOS BEARAE 5 3U-sATHA WA BAM 1) 13 24} o Rojgo
39 1240-59 194740 & 1850 mme] 4 4ol AARE F AWS BEARE o] §aHC Table 2). 54
712|900 (Table 2), AEfE 2 WEol $BE UL 39 134-50 234744 & 2 F9FL 276.0 mmolw,
AR AT S T EA 4R FQl 5 39 154 s A 185 mm/h, Hat 4.7 mm/hE A ETH(Fig.
VRHYTHFig. 4a). olue] $EFWY RALATSFS 60 S 47 A9 250 U o 4T AoRet A
11.2 mm, 794 =+ g 5.3 mm/h, F++ 2.8 mm/h= ool W A EE 73 A QARYo] eSO
sterec) BT ARRE BPS B QTHFig 3o)
Table 2. Surface runoff characteristics of Sumgols according to rainfall events
. . Effective Cumulative . Rainfall intensi (mm/h)
Site Date Cumulative rainfall Rainfall for Runoff Lag time v
(mm) (mm) (hr) Max. Aver.
2023. 05.03~05. 185.0 11.2 4 53 2.8
Josu-ri Sumgol
2023.08.23~24. 61.6 36.3 2 334 18.2
2023.05.03~05. 304.0 107.0 21 15.0 5.1
Geumak-1i Sumgol
2023.08.23~24. 203.0 92.0 3 40.5 30.7
2023.05.03~5. 276.0 no surface runoff - 18.5 4.7
Songdang-ri Sumgol
2023.09.01~02. 30.0 no surface runoff - 10.0 1.6

Fig. 3. Photographs showing surface runoff and rainwater inflow into Sumgol. (a) Josu-ri Sumgol, (b) Geumak-ri Sumgol, (c) Songdang-ri Sumgol
(surface runoff was not occurred).
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Fig. 5. Temporal rainfall distribution and occurrence timing of surface runoff during rainfall events in Geumak-ri Sumgol area. The (a) 1" and (b) 2™
rainfall events (ECRR: Effective Cumulative Rainfall for Runoff, ARI: Average Rainfall Intensity).
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Fig. 6. Temporal rainfall distribution and occurrence timing of surface runoff during rainfall events in Songdang-ri Sumgol area. The (a) 1% and (b) 2™
rainfall events (CR: Cumulative Rainfall, ARI: Average Rainfall Intensity).
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Table 3. Analysis of rainwater inflow into the Josu-ri and Geumak-ri Sumgols

Drainage” (m’), (%)

Cumulative Watershed Total area
Site Date rainfall area rainfall Rate of Rate of
(mm) (m?) () direct runoff by direct runoff by
water budget method SWAT-K model
2023. 987 642
Tosu-ti 05.03-05. 185.0 o 4,937 (20.0) (13.0)
Sumgol 2023. 616 ' 1645 329 214
08.23~24. ’ ’ (20.0) (13.0)
2023. 3,788 3,788
Geumak-ri 05.03~05. 3040 62.448 18,938 (20.0) (20.0)
Sumgol 2023. ’ 2,533 2,533
08.23~24. 203.0 12,667 (20.0) (20.0)
* Jeju Special Self-Governing Province (2020)
FAL ST A TR L Aol mEHT ek Fig 9)
A, He BHCES ASAL, £A ALY, B2
H7E] SARILT BARE 24 P 52 BEON 7k ASRE
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SEWA GRF ALY
fejo] WAt

HIZ Gl oAb 4 40t 24 34} ARkl s,
B AT B S| X M09 SN WA B4
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Koh, 2020; Park and Kang, 2019).
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$99 43 A9 257
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A2 2 S stk
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& wael de) 94 #4859 392 AL 24442l
E4Ae U stch(Mink and Lau, 1980).
atelo]E Qops ol o gulo] gl A &R
SYAEEE 150~1,500 m/d2 2 Hol A vk, #RLete]
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Fig. 8. Schematic images of surface runoff occurrence in the Sumgol watersheds having different hydrogeologic conditions. (K: Hydraulic conductivity;
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